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IEMPERATURE CONTROLLED SUSCEPTOR STRUCTURE

INCORPORATION BY REFERENCE

The following patent application is hereby
fully incorporated by reference: a patent application
entitled A TWO-SIDED SUSCEPTOR STRUCTURE, by Michael R.
Perry, Serial No. 07/631,285 filed on even date herewith
and assigned to the same assignee as the present
application.

CKGROUND O E NTIO

The present invention involves microwave
cooking. More particularly, the present invention is a
susceptor structure for use in a microwave oven.

Heating of foods in a microwave oven differs
significantly from heating of foods in a conventional
oven. In a conventional oven, heat energy is applied to
the exterior surface of the food and moves inward until
the food is cooked. Thus, food cooked conventionally is
typically hot on the outer surfaces and warm in the
center. A

Microwave cooking, on the other hand, involves
absorption of microwaves which characteristically
penetrate far deeper into the food than does infra red
radiation (heat). Also, in microwave cooking, the air
temperature in a microwave oven may be relatively low.
Therefore, it is not uncommon for food cooked in a
microwave oven to be cool on the surfaces and much
hotter in the .center.

However, in order to make the exterior
surfaces of food brown and crisp, the exterior surfaces
of the food must be heated to a sufficient degree such
that moisture on the exterior surfaces of the food is
driven away. Since the exterior surfaces of the food
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cooked in a microwave oven are typically cooler than the
interior of the food, it is difficult to brown food and

make it crisp in a microwave oven.
In order to facilitate browning and crisping
of food in a microwave oven, devices known as susceptors

have been developed. Susceptors are devices which, when

exposed to microwave energy, become very hot. By
placing a susceptor next to a food product in a
microwave oven, the surface of the food product exposed
to the susceptor is surface-heated by the susceptor.
Thus, moisture on the surface of the food is driven away
from the surface of the food and the food becomes crisp
and brown.

Many conventional susceptor structures have
included a thin metal film, typically aluminum,
deposited on a substrate such as polyester. The
metalized layer of polyester is typically bonded, for
support, to a support member such as a sheet of
paperboard or corrugated paper.

' Conventional susceptors, however, have certain
drawbacks. They undergo a process referred to herein as
breakup in which the electrical continuity of the thin
metal film is lost during cooking. The result of the
loss of electrical continuity is an irreversible loss in
the susceptor’'s microwave responsiveness and a lower
level of percent power absorption by the susceptor
during cooking. Lower power absorption leads to lower.
susceptor cooking temperatures and a corresponding
decrease in the susceptor's ability to crisp food.

The shsceptor's ability to crisp food is
particularly hampered when the susceptor undergoes
breakup prior to reaching a temperature which is
sufficient to drive moisture from the surface of the

e
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food. The substrates 6f typical prior art susceptor
structures were formed of Polyethylene Terephthalate
(PET) . The metalized layer was typically aluminum
deposited on the PET layer. These susceptors typically
underwent breakup at approximately 200°C. In many
cases, this is inadequate to properly surface heat food
to achieve desired crisping and browning.

Thus, other materials have been tried as the
substrate in susceptor structures. For example,
Polyetherimide (PEI) has been metalized and used as a
susceptor. When these susceptors are coupled to a
support member such as cardboard, the paperboard
scorches and chars because the susceptor undergoes
breakup at an elevated temperature.

The foregoing discussion shows that susceptors
are functional because of two seemingly similar but
different principles. Susceptors heat because they
absorb microwave energy which is converted to heat
energy. The amount of microwave energy absorbed by
susceptors depends on the surface impedance of the
susceptor.

In addition to heating through absorption of
microwave energy, susceptors must possess a temperature
limiting feature to prevent the susceptor from over
heating and scorching paper, food or other things in
contact with the susceptor.

For these reasons, there is a continuing need
for the development of a susceptor structure which is
capable of reaching and maintaining cooking temperatures
suitable for crisping and browning food products, but
which also has a temperature con--ol mechanism to avoid
runaway heating conditions.
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SUMMARY 'OF THE_ INVENTION

A susceptor according to the present invention
includes a substrate having physical properties so that
melting and size deformation of the substrate occur in
response to microwave absorption by the susceptor. A
metalized layer is coupled to the substrate, and
supporting means is provided for supporting the
substrate and the metalized layer.

BRIEF_DESCRIPTION OF THE DRAWINGS

FIG. 1A 1is a side view of a susceptor
structure of the present invention.

FIG. 1B is a top view of the susceptor
structure shown in FIG. 1A and showing the development
of hot spots.

FIG. 1C 1is a top view of the susceptor
structure shown in FIGS. 1A and 1B after discontinuities
at the hot spots have expanded laterally.

, FIG. 2 shows a graph of impedance (real and
imaginary) plotted against temperature and degrees
Celsius for a typical susceptor structure. _

FIG. 3 shows a plot of impedance (real and
imaginary) plotted against temperature and degrees
Celsius for a second typical susceptor structure.

FIG. 4 shows a plot of impedance (real and
imaginary) plotted against temperature and degrees
Celsius for a susceptor structure of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED FEMBODIMENTS

FIG. 1A shows the relative position cof
components of a susceptor structure 10 (susceptor 10).
It should be noted that susceptor 10 is not drawn to
scale in FIG. 1A. For clarity's sake, the thicknesses
of layers shown in FIG. 1A are greatly exaggerated.
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Susceptor 10 includes substrate 12 upon which
metalized layer 14 is deposited. Susceptor.IO also
includes a support layer 16. Substrate 12 is typically
a thin layer of oriented and heatset polymer material
such as polyethylene terephthalate (PET) . Metalized
film 14 is typically an aluminum layer deposited on
substrate 12 through vacuum evaporation, sputtering, or
another suitable method. Support layer 16, typically
paperboard or corrugated paper, is coupled to metalized
layer 14 at interface 18 through the use of an adhesive.

When susceptor 10 is placed in a microwave
oven and exposed to microwave energy, current begins to
flow in metalized layer 14 of susceptor 10 __e to an
electric field generated by the microwave oven. A
portion of the current flowing in metalized layer 14 is
indicated by the vertical arrows shown in FIG. 1B. As
current flows, metalized layer 14 begins to heat as a
function of the current generated and the surface
impedance (Z2g5) of layer 14. However, it has been
observed that metalized layer 14 does not heat
uniformly. Rather, hot spots, such as spots 20 and 22,
develop as illustrated in FIG. 1B.

As metalized layer 14 continues to heat, and
as hot spots 20 and 22 grow hotter, heat transfers
throughout the susceptor 10, and the temperature of
substrate 12 also increases. Discontinuities such as
thinned areas, holes, or cracks are formed in metalized
layer 14 at the hot spots 20 and 22.

FIG. 1C shows a top view of susceptor 10 with
the discontinuities at hot spots 20 and 22 having
expanded into lateral cracks or thinned areas. As the
temperature of susceptor 10 continues to rise, more
sSpots on susceptor 10 approach the temperature where
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additional lateral cracks form in substrate 12, thereby
driving the formation of more discontinuities in
metalized layer 14. The lateral cracks and
discontinuities whi¢h form in substrate 12 and metalized
layer 14 substantially destroy the electrical continuity
in metalized layer 14. This decreases the
responsiveness of susceptor 10 to microwave energy, and
susceptor 10 begins to cool despite continued exposure
to microwave energy. Thus, the ability of susceptor 10
to provide further heating is essentially destroyed.

It should be noted that the electric field in
a microwave oven has random direction. Thus,
discontinuities generally form in many directions on
metalized layer 14 and follow hot spot locations.

In addition, it should be noted that PET
substrate 12 generally begins to drive the formation of
discontinuities when the temperature at hot spots 20 and
22 is at approximately 250°C. However, the majority of
the surface of susceptor 10, other than hot spots 20 and
22, 1is typically much cooler (e.g. 200°C or even
cooler). Thus, the majority of the surface area of
susceptor 10 may only attain a temperature range of
200°C - 220°C before it breaks up and losses some of its
ability to absorb microwave energy. The resulting
capability of susceptor 10 to absorb microwave energy is
insufficient to properly surface heat food to attain
desired browning and crisping. ,

FIG. 2 shows a graph of impedance (real, R,
and imaginary, X;) of metalized 1layer 14 in a
conventional PET susceptor structure plotted against
temperature in degrees C. The susceptor structure was
exposed to microwave energy in a test fixture and, as it
heated, the impedance of the metalized layer 14 changed.
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FIG. 2 shows that at approximately 200°C to 210°C, the
impedance rose sharply. This is due to the formation of
numerous cracks or discontinuities in the metalized
layer 14 of the susceptor. The sharp increase in
impedance resulted in less current flowing in metalized
layer 14 of the PET susceptor structure and a
corresponding decrease in heating of the susceptor
structure.

FIG. 3 shows a graph of impedance (real, R,
and imaginary, X,;) plotted against temperature in
degrees C for a susceptor structure having a substrate
made of amorphous, nonoriented polycyclohexylene-
dimethylene terephthalate (PCDMT). FIG. 3 shows that,
upon exposure to microwave energy, breakup did not occur
in the susceptor structure even as the susceptor
structure approached approximately 295°cC. Thus, the
susceptor structure would reach temperatures that could
scorch or char paper or burn food products in contact
with the susceptor structure.

It has been observed that, for a susceptor
structure to achieve a higher cooking temperature than
that achieved by a conventional PET susceptor, but a
cooking temperature lower than the temperature required
to scorch paper, it should have a substrate with an
onset of melting, by scanning calorimetry using a 10-20
mg sample and at a temperature rise rate of 10°K/min,
between approximately 260°C and 300°C with a preferable
target range of about 270-280°C. Further, the substrate
in a preferred susceptor structure should have
properties sufficient to cause a deformation in physical
size as the susceptor structure heats. The forces
causing the size deformation should be exerted in the
substrate of the susceptor structure as the substrate
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approaches the onset of the melting temperatqre. The
substrate is coupled to the metalized layer so that
melting and physical size deformation of the substrate
cause dlscontlnulty in the metalized layer.

The net result is a susceptor structure that _
has a thermocouple-measured breakup temperature of
approximately 230-245°C. This operating temperature is
sufficient to enhance the crisping ability of the
susceptor structure while not allowing the susceptor
structure to heat to a point at which it could scorch
paper.

In one preferred embodiment of the susceptor
structure of the present invention, substrate 12 is
formed of .a copolyester, PCDMT, that is commercially
available under the trademark Kodar Thermx PM13319 sold
by Eastman Chemical Products, Inc. subsequently oriented

and heatset.

Substrate 12 was initially a 4 inch square
sheet of amorphous PCDMT material with a thickness of
0.004 inches. The sheet was then heated and oriented by
stretching on a T.M. Long stretcher.- The sheet was
stretched into a 7.25 inch square film having a
thickness of approximately 0.001 inches. The actual
linear stretch was approximately 1.81 (i.e., 7.25/4 =
1.81). The film was then heatset at a temperature of
approximately 465°F.

) The heatset, oriented PCDMT substrate was then
metalized. Approximately 255A of Chromium was deposited
on the substrate using vacuum evaporation, vapor
deposition or another suitable method, resulting in a
metalized layer ideally having & surface reszstance of

approximately 100Q/sq.
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Support layer-16 was formed of a commercially
available susceptor grade paperboard. Adhesive’ layer 18
was an aqueous laminating adhesive suitable for
microwave use, specifically adhesive WC-3458-Y-EN from
H.B. Fuller Co. of Vadnais Heights, MN 55110.

FIG. 4 is a graph of the impedance (real, Rg,
and imaginary, X;) of the susceptor of the present
invention plotted against temperature in degrees C.
FIG. 4 shows that breakup in the susceptor of the
present invention did not begin until between
approximately 240°C and 250°C. Hence, the susceptor
structure of the present invention heated to a
significantly higher temperature than a conventional PET
susceptor structure, yet not as high as an amorphous
PCDMT susceptor structure. Thus, the susceptor
structure of the present invention is suitable for
providing good crisping and browning of foods while not
reaching temperatures sufficient to char paper.

This preferred embodiment has been described
with reference to a chromium metalized layer 14 and an
oriented and heatset PCDMT substrate 12. However, other
materials could be used. For example, metalized layer
14 could be an aluminum layer deposited on substrate 12.
Also, substrate 12 could be any other suitable material.
For example, in cooking of foods, substrate 12 could be
formed of any material conditioned such that it would be
characterized by an onset of melting in the range of
approximately 260-300°C, and in which physical size
deformation (e.g., shrinking) forces are exerted in the
material as the substrate approaches the onset of the
melting point. The point at which physical size
deformation forces are exerted can be set using a
variety of methods such as orientation. Seni-
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crystalline materials are generally suitable, including

pelyethylene naphthalate (PEN).

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention.
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E S:
A method of making a susceptor structure, the

method comprising the steps of:

2.
claim 1.

3.

conditioning a substrate for physical size
deformation upon exposure to a desired
amount of heat energy, the conditioned
substrate having an onset of melting in
a range of approximately 260°-300°C;

coupling the substrate to a metalized layer
so that melting and physical size
deformation of the substrate cause
discontinuity in the metalized layer;
and

providing supporting means for supporting the
metalized layer and the substrate.

A susceptor made according to the method of

The method of claim 1 wherein the step of

conditioning comprises:

4.

heatsetting the substrate to a desired
temperature.

The method of claim 1 wherein the step of

conditioning comprises:

5.

orienting the substrate.

The method of claim 4 wherein the step of

orienting comprises:

stretching the substrate.
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6. '~ The method of claim 2 wherein the substrate

comprises:
polyethylene naphthalate.

7. The method of claim 2 wherein the substrate

comprises:
polycyclohexylenedimethylene terephthalate.

8. A susceptor, comprising:

a substrate having physical properties so
that size deformation of the substrate
occur in response to temperature changes
caused by the absorption of microwave
enerqgy, and so that the onset of melting
of the substrate occurs at a temperature
in a range of approximately 260°-300°C;

a metalized layer coupled to the substrate,
the metalized layer formed to produce
heat in response to exposure to
microwave energy; and

supporting means for supporting the substrate
and the metalized layer.

9. The susceptor of claim 8 wherein the substrate
comprises:
a polymer material conditioned to shrink in
response to elevated temperatures.

10. The susceptor of claim 9 wherein the polymer

material further comprises:
a polymer material heatset to a desired
temperature.
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11. The susceptor of claim 8 wherein the size
deformation of the substrate predominately occurs prior
to the onset of melting of the substrate.

12. The susceptor of claim 8 wherein the substrate
comprises:
a semi-crystalline substrate material.

i3. The susceptor of claim 8 wherein the substrate
comprises:
polycyclohexylenedimethylene terephthalate.

14. The susceptor of claim 8 wherein the substrate
comprises:
polyethylene naphthalate.



10 ‘fig' /a 1 —I2
J G NNULNRRRRNNRRRRRRE S

18

16

Fig- /6

8




PCT/US91/07192

WO 92/11740

2/3

o0 082

L

02 0Obe
_

(Ip3y ) sy

(Bow ) sx -

(O3) dN3L

0. 00 08 09 Obl 074

0.0]

T 1711

1T

20

NROMOITMN—-—-0O®

I
™~
00O

impedance (ohms)

(Thousands)

SUBSTITUTE SHEET



WO 92/11740 ' PCT/US91/07192
: 3/3 . ~

5.3
J R
2
1.9
1.8 -
}.7 =
1.6 -
1.5 -
1.4
1.3
1.2 =
1.1 -
| -
0.9 4
08 ~
0.7 —
0.6 —

ve IS
03~ —
a2 _/

0

impedance (ohms)
(Thousands)

L L L L L L L L L L L
100 120 140 160 180 200 220 240 260 280 300

fz’g' 4 Temp (C)
2

1.9 —
1.8 —
1.7
1.6 7
1.5 —
1.4 —
1.3
1.2 -
1.1 =

1 -
.9 —
0.8
0.7
0.6 -
0.5 -
0.4

0.3 s Rs Rs

0.2
o.l — Z _-Xs
Y ] IR | L ] 1 ] | LI 1 ] [} i 1

i |
0 120 KO 160 180 200 220 240 260 280 300
Temp (C)

(Thousands)

Impedance (ohms)




INTERNATIONAL SEARCH REPORT
International Aoplication No. PCT/US91/07192

1. CLASSIFICATION OF SUBJECT MATTER (if several classificati ymbols apply, indicate all) ¢
According to International Patent Classification (IPC) or to both National Ciassification and IPC

IPC (5): HOSB 6/80; A21D 10/02; B32B 15/04
U.S. CL: 219/10.55M, 426/107; 428/457, 458

. FIELDS SEARCHED

D ion Searched 7
Classification System Classification Symbois
U.sS. 428/457, 458; 426/107; 219/10.56M
Documentation Searched other than Mini D

to the Extent that such Documents are included in the Fieids Searched &

). DOCUMENTS CONSIDERED TO BE RELEVANT ¢

Category ® Citation of Document, ! with indication, where appropnate, of the relevant passages 12 Relevant to Claim No. 3

Y | US, A, 4,933,526 (FISHER ET. AL.) 12 JUNE 1990. 1-5, 8-12
See columns 3 and 4.

Y [EP, A, O 312 333 (MINNESOTA MINING AND MANUFACTURING 1-5, 8-12
COMPANY) 19 APRIL 1989. See entire document.

peci ts: ¥ “T* later document published after the international filing date
.S o '“.0' c“.d or priority date and not in conflict with the application but
“A” d defi | state of the art which is not cited to understand the principle or theory underlying the

considered to be of pamculaf relevance \nvention
"E" earlier d t but published on or after the international “X* document of particular rel the e

filing date cannot be considersd novel or cannot bo comuduod to
“L" document which may throw douhn on pnonty claim(s) or invoive an inventive step

which is cited to establigh-t of “¥~ document of particular rel : the claimed

citation or other special uason (as upodﬂod) be d to an i o n,'“p 'y?.cn :h.
o . axhibition or document is combined wim one or more other such docu-

o” g'o::'n::: '::hning to an oral dise!osun. use, exhibi m.r;:' :zch Baion S aon skiied
n the al

- i filing date but
P fag:? mth.a'l'l' lnhuobg:i';.rgyp:!l:tfo':l:?m“mwo“' Nag ~&" document membar of the same patent family

1V. CERTIFICATION

Date of the Actual C letion of the Int tional Search i Date of Mailing if' 11; mﬂw&mm

30 JANUARY 1992

international Searching Authority i Siorgtyrzf Authorized Oﬁt&’;\/

ISA/US | E. Rollins Buffalow

Form PCTASAZ10 (second sheet (Rev.11-87)



	2005-04-05 Foreign Reference

